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The project consisted of installing and operating the TOXECON™ technology. This technology involves injecting a mercury sorbent downstream of an existing particulate matter (PM) collector and collecting the spent sorbent, along with any fly ash that passes through the primary PM collector, in a new baghouse. The TOXECON™ technology is intended primarily for units currently equipped with a hot side electrostatic precipitator (HESP) but may be applied to units with a cold side electrostatic precipitator (ESP).
Powdered activated carbon was the mercury sorbent used in this demonstration. Two types were primarily used-DARCO® Hg and DARCO® Hg-LH-the latter being an activated carbon that is impregnated with bromine. Some short-term testing was also done with alternate carbon-based sorbents.
The goals of the project were to:
• Demonstrate, over the long-term (three years), 90 percent removal of mercury from power plant flue gas using activated carbon injection.
• Demonstrate a reliable mercury continuous emission monitor system (CEMS) suitable for use in flue gas created by coal-fired power plants.
• Advance commercialization of the technology through successful operation and integration with the power plant.
• Evaluate trona (a naturally occurring sodium bicarbonate mineral) injection to reduce nitrogen oxides (NO X ) and capture 70 percent of sulfur dioxide (SO 2 ) emissions via the new bag house.
• Demonstrate recovery of mercury from the spent sorbent.
• Reduce particulate matter (PM) emissions via the new bag house.
• Allow the continued reuse and sale of fly ash captured by the existing HESPs. Trona injection did achieve 70 percent SO 2 removal, but interfered with mercury capture.
(Note that the goal was merely to evaluate trona injection for this purpose.) The goal of 90 percent mercury capture was achieved during 30 out of 34 months. During those months that it was not achieved, either alternate sorbents were being tested or problems (such as lamp replacement) occurred with the CEMS at the baghouse, disabling mercury measurement. During these periods, the TOXECON™ system continued to operate; however, removal rates could not be verified.
A reliable mercury CEMS for use in a power plant environment was also demonstrated.
Since no such CEMS was available at the onset of this project, ADA-ES teamed with Thermo Electron Corporation (Thermo) (now Thermo Fisher) to develop such a system.
Before the end of the project, Thermo was able to offer the CEMS commercially.
Although the results (no discernable impact on NO X ) of the trona tests did not quite meet the project objectives, all other goals were clearly achieved and the project is considered a solid success.
I. INTRODUCTION
The Clean Coal Technology Demonstration Program (CCTDP) and the two subsequent programs-the Power Plant Improvement Initiative (PPII) and the Clean Coal Power Initiative (CCPI)-are government and industry co-funded programs. The goal of these programs is to demonstrate a new generation of innovative coal-utilization technologies in a series of projects carried out across the country. These demonstrations are conducted on a commercial scale to prove the technical feasibility of the technologies and to provide performance and financial information for future applications.
The technologies demonstrated in these programs are intended to furnish the marketplace with a portfolio of advanced, more efficient coal-based technologies that meet increasingly strict environmental standards. These technologies will help mitigate the economic and environmental barriers that limit the full utilization of coal. The primary objective of Round 1 of the CCPI (CCPI-1) was to reduce emissions and improve efficiency and maintainability while extending the asset life of coal-based generation, thus bolstering the long-term viability of the United States' abundant coal resources. 
II. PROJECT PROCESS DESCRIPTION

A. Project Site
The project took place at We Energies' Presque Isle Power Plant (PIPP) located in The PRB coal is supplied by several mines in Wyoming and Montana. Table 1 provides an analysis of this fuel. Sulfur emissions are kept within regulation by burning lowsulfur coal. Typical flow rates and gas components in the flue gas exiting the HESPs of Units 7, 8, and 9 are shown in Table 2 . 
B. Project Goals
The primary goal of this project was to reduce mercury emissions from the three 90-MW units at PIPP. This demonstration involved the use of a novel, multi-pollutant control system to reduce emissions of mercury and other air pollutants while minimizing waste from the new control technology. The specific objectives of this project were to:
• Demonstrate the operation of the TOXECON™ multi-pollutant control system to achieve 90 percent mercury removal from flue gas through activated carbon injection (ACI).
• Design and demonstrate a reliable, accurate, mercury CEMS suitable for use in the power plant environment.
• Advance commercialization of the technology by successfully integrating the TOXECON™ system into PIPP's control system and optimizing TOXECON™ operation for mercury and multi-pollutant control.
• Evaluate the potential for 70 percent SO 2 control and trim control of NO X through sodium-based or other novel sorbent injection.
• Recover 90 percent of the mercury captured in the sorbent.
• Reduce PM emissions through use of the TOXECON™ baghouse.
• Preserve 100 percent of fly ash collected in the existing electrostatic precipitator for reuse and sale.
C. Project Description
We Energies and the project team designed, installed, operated, and evaluated an integrated emissions control system for mercury and particulate matter that treated the flue gases produced by three 90-MW subbituminous coal-fired units. This was the first commercial full-scale demonstration of the TOXECON™ process. The demonstration used ACI for mercury removal. The two primary activated carbons used during the demonstration were DARCO® Hg and DARCO® Hg-LH, the latter being an activated carbon that is impregnated with bromine.
TOXECON™ is an EPRI-patented process (U. 
D. Technology Description
The overall concept of the TOXECON™ process is relatively simple. A sorbent is used to capture toxic pollutants in the flue gas produced by the coal-fired boiler of a power plant. The sorbent is injected downstream of an existing fly ash removal system and the spent sorbent is removed by a conventional baghouse. Fly ash removal on Units 7, 8, and 9 at PIPP is accomplished by HESPs. The fact that the bulk of the fly ash is removed by the existing collector has two advantages. One is that the bulk of the fly ash will remain unchanged by the new technology, and thus retain the marketability it had prior to the TOXECON™ retrofit. The second advantage is that the low particulate loading allows a somewhat higher air-to-cloth (A/C) ratio in the baghouse, which reduces the size and cost of the baghouse.
The TOXECON™ process, as installed at PIPP, is presented in Figure 1 below.
Figure 1. PIPP TOXECON™ Configuration (from Ref 1).
Prior to the installation of the demonstration equipment, each unit was entirely separate.
The flue gas leaving each boiler passed through a HESP, an air heater, and an induced draft (ID) fan. The flue gas was then ducted to one of three dedicated flues situated within the common stack. For the demonstration, the flue gas from all three units needed to be combined and directed to the new baghouse.
The demonstration technology was installed at the outlet of the existing ID fans. The flue gas leaving the ID fans passes through a section of ductwork where the sorbent injection points are located. A separate injection point is provided for each boiler outlet duct for both the mercury sorbent and the sorbent intended to remove SO 2 . After the sorbent is injected, the flue gas streams are combined into a common duct. The combined flue gas stream containing the sorbent(s) is routed to the common baghouse where the sorbent and remaining fly ash particles are separated from the flue gas. The clean flue gas exiting the bag house is then separated into three streams before the pressure is increased by three new but separate booster fans. The streams are then recombined prior to flowing to the three individual flues within the stack. The spent sorbents are periodically removed from hoppers below the bags within the baghouse and conveyed to a silo for temporary storage prior to being transported to an existing landfill for disposal.
PAC Injection
The powdered activated carbon (PAC) injection system consists of two general components: the PAC storage and feeding system and the duct injection system. Norit
Americas supplied the PAC system hardware, as well as the two principal sorbents used during the demonstration. ADA-ES supplied the engineering design for the PAC system.
The PAC storage and feeding system consists of a bulk storage silo with pneumatic truck unloading capability, three PAC feeder trains (each consisting of a feed hopper and variable speed feeder), an eductor, a transport air blower, and is supplied with the controls necessary to operate the system.
The duct injection system consists of the transport piping from the feeding system and the injection lances, which are mounted in each inlet duct prior to the ducts being combined ahead of the baghouse. The PAC system was designed to inject sorbent sufficient to achieve a concentration of 3 pounds per million actual cubic feet (lbs/MMacf) of flue gas per boiler. This projected injection rate was based on data obtained from full-and benchscale testing offsite. The system at PIPP was sized larger to allow for testing of alternative carbon-based sorbents as well as for recycled spent sorbent. The overall process is depicted in Figure 2 . The overall system design included the capability to inject a recycled mercury laden PAC/ash mix collected from the baghouse hoppers. During the demonstration program, it was determined that the mercury laden PAC was at equilibrium with the mercury in the flue gas and sorbent re-injection was not tested.
SO 2 /NO X Sorbent Injection
In order to test SO 2 and NO X removal, trona was injected into the ducts upstream of the baghouse. No permanent sorbent injection system was installed for the trona injection tests. Instead, the injection equipment for this test program was contained on two trailers.
This equipment consisted of a bulk transport trailer holding approximately 40 tons of trona and a separate trailer housing the blowers and controls. This system injected "as received" sorbent; no onsite processing of the material was attempted. Feed rate for the trona varied from 2,200 lb/hr up to 5,900 lb/hr at full load to cover a wide range of stoichiometric ratios.
The trona was fed to three injection lances which were located downstream of each ID fan discharge, but upstream of the point where the ducts combine. Each lance discharged sorbent into the center of its duct, where turbulent flow provided gas/sorbent mixing.
The lances were located below the existing PAC injection lances, downstream of the NO X analyzer probe used for boiler feedback.
Baghouse
The baghouse is a pulse jet baghouse that is cleaned on-line and is typical for the power industry. It requires a relatively small footprint, which was advantageous for the congested PIPP site. The A/C ratio is 5.5 ft/min. The net (one compartment out of service) and net-net (two compartments out of service) A/C ratios are 6.1 and 6.8 ft/min, respectively.
To allow for changes in mercury content of coal, the installed excess injection capacity allowed for adequate removal considering that the system could inject up to 600 lb/hr (8.3 lb/MMacf). The excess capacity also allowed testing of additional sorbents such as recycled PAC injection material and sodium sorbents.
The volumetric flow of 1,200,000 acfm of flue gas was calculated using heat balance software and compared to test data that were taken for air heater performance and stack emissions tests. The specified operating temperature was 350 °F, which was determined to be an achievable flue gas temperature based on historical operational flue gas temperatures. In practice, the temperature ranged from 325 to 375 °F, with cooler temperatures occurring during the winter and warmer temperatures during the summer.
The higher temperature is near the operating limit for the bags and the lower temperature is better for mercury removal. The fabric filter bag material was a polyphenylene sulfide (PPS) material chosen based on the flue gas temperature, flue gas analysis, and PAC
properties.
The mercury concentration in the ducts exiting the HESPs at Presque Isle was measured in 2005 using both the Thermo Electron (now Thermo Fisher) CEM and the Sorbent Trap Method (STM) and was found to be around 6 µg/dNm 3 or about 2.6 x 10 -6 grains per dry standard cubic foot. This was the mercury concentration typically entering the baghouse along with 1 percent of the total ash.
The particulate loading design was based on the assumed maximum collection rate of 200 lb/hr of fly ash and the maximum injection rate of PAC (450 lb/hr max), which included not only the initial PAC collection, but any recycled material that might be collected in later tests. The total maximum design baghouse loading for fly ash/PAC was 650 lb/hr. Particulate tests were performed at the stack at Presque Isle in June 2005. Table 3 shows the particulate loading for the PIPP baghouse while Table 4 shows the design specifications. The ash handling system is a dilute-phase pneumatic conveying system. This type of system has been used in conveying both fly ash and PAC. The particulate generation rate was based on the collection rate of fly ash (200 lb/hr max) and the maximum injection rate of sorbent (450 lb/hr max). The total maximum design baghouse loading for fly ash/PAC was 650 lb/hr. The design conveying rate of the ash handling system was based on four times the total particulate loading rate of 650 lb/hr to allow for operational flexibility. This converts to 1.3 tons/hr.
The ash system includes the hoppers in the baghouse, transport lines from the bottom of each hopper leading to a filter/separator located on the penthouse of the ash storage silo, the ash storage silo itself, and finally, trucks to transport the ash to a landfill for disposal.
A mechanical exhauster downstream of the filter/separator created the vacuum in the transport lines.
A wet unloading system was selected for the storage silo to condition the ash/PAC mixture leaving the storage silo with water to bind the dust to allow transportation by open-bed trucks. As described later, there was a problem with dusting when the wet unloading system was initially used. A dry unloading system was also installed on the ash silo to allow the ash/PAC mixture to be recovered dry for use in testing re-injection (recycling) of the mixture into the flue gas stream, or for testing methods of recovering the mercury from the used PAC.
ID Fans
Because of the additional pressure drop associated with the installation of the TOXECON™ baghouse and associated ductwork, new ID booster fans were required.
Three booster fans were installed to allow a single fan to be designated for each of the sample extraction probe, sample converter, mercury analyzer, and calibration module.
The extraction probe used an inertial filter to obtain a particulate-free vapor-phase sample without passing the gas through a fly ash filter cake. The dilution ratio was determined based on flue gas conditions and operator preference. All of the extraction probe internal surfaces exposed to sample gas had a glass coating to prevent unwanted chemical reactions with the mercury.
III. REVIEW OF TECHNICAL AND ENVIRONMENTAL PERFORMANCE
A. Technical Performance
Construction was completed and operation commenced in January 2006. It is typical for new plants, even those based on mature technology, to require some minor adjustments to equipment and operating procedures. There was only one significant issue associated with the start-up and operation of the TOXECON™ unit-baghouse hopper fires.
After several weeks of parametric testing, burning embers were found in one of the baghouse hoppers while operators were working to unplug and evacuate it. This compartment was isolated and the baghouse remained in service. All of the compartments were then checked and embers were found in all of the hoppers. The compartments were isolated, PAC injection was discontinued, and the baghouse was put into bypass mode. The hot PAC/ash in each hopper was cooled and removed.
Overheating of the PAC/ash mixture had not been seen at any power plant using PAC injection or the TOXECON™ process up to that point in the demonstration, although PAC samples from the storage silo were sent for thermogravimetric analyses (TGA).
This analysis was used to determine the temperature of combustion in air. The PAC began losing significant weight at about 750 °F and had a temperature of ignition of 852 °F. PAC/ash samples were also subjected to similar tests and there was no indication that the mixture behaved unexpectedly.
We Other than damage to the bags caused by overheating, the operation of the baghouse was satisfactory with only a few problems being encountered. One of these involved optimizing the baghouse operation to maintain the proper filter cake thickness on the bags to facilitate PM as well as mercury capture. The filter cake is needed to maintain high PM removal. In order to maintain optimum baghouse operation, the timing of bag cleaning is normally based on the pressure drop across the baghouse. Too frequent cleaning can result in more PM emissions and shorter bag life. Given the very low particulate loading to the baghouse, only infrequent cleaning is required. However, it was also noted during early tests that, if PAC was left on the bags, some Hg desorption could occur. Baghouse cleaning frequency was optimized during a series of tests.
Excessive dusting also occurred during the use of the wet ash/PAC unloading system, especially when starting the pin mixer. Eventually, a larger pin mixer had to be installed because earlier modifications still did now allow for a dust-free unloading process. A partial enclosure was built around the base of the silo to eliminate the wind tunnel effect and prevent airborne dusting. The combination of the new pin mixer and enclosure eliminated the dusting and equipment issues seen during the demonstration. Additional modifications were made to improve flow of the PAC/ash mixture: a new rotary valve was added to replace the original butterfly valve, and, although fluidization at the silo discharge is normally not required, the original fluidization valves were replaced by (3) large air cannons. The balance of the equipment operated with only minor, readily remedied problems.
As stated earlier, a second goal of the project was the development and demonstration of a CEMS to continuously measure mercury in the flue gas. Prior to this project, only semi-continuous monitors had been available for use in harsh power plant environments.
The mercury analyzers commercially available were designed for ambient and laboratory mercury measurements, not for a power plant environment where they needed to operate in an automated fashion while continuously producing reliable data. Difficulties in measuring mercury in the extremely low concentrations found in flue gas include extracting the sample from the duct, removing particulate matter, transporting the sample to the analyzer, eliminating sampling artifacts, and conditioning the sample.
In the early 1990s, DOE NETL provided funding to develop mercury analyzers for coal combustion flue gas. The efforts identified the difficulties associated with mercury measurement and identified techniques to overcome these challenges. Upon project initiation in 2004, there was no mercury Continuous Emissions Monitoring System (CEMS) available that had passed the EPA certification tests or that could be operated in a power plant environment without full-time support from experienced technical staff.
One member of the project team, ADA-ES, had designed and built several prototype mercury analyzers that had been used in field evaluations conducted since the start of the CCPI project. The collection and analysis of mercury with this technology was difficult at power plants that burned high-sulfur bituminous coal because the flue gas fouled some components, thus reducing its effectiveness. Several technologies from other companies were considered to replace the ADA-ES mercury analyzer but many of them used the same type of system. Reliable data could be obtained with the semi-continuous emission monitor (SCEM) when it is maintained and manned by experienced personnel. Mercury CEMS are a key component for the mercury process control required for this project and for effective use of the TOXECON™ technology. Thus, the development and demonstration of new CEMS that reduced maintenance requirements and automated analyzer operation was required. The system had to be capable of long-term operation and reliability, and the mercury CEMS had to meet specifications similar to existing plant CEMS for other emissions, such as SO 2 and NO X .
ADA-ES began discussions with Thermo Electron Corporation (Thermo), a company that appeared to offer the best option for directly measuring mercury using atomic fluorescence. Thermo was willing to dedicate a large amount of resources toward the development and manufacture of a reliable mercury CEMS. ADA-ES teamed with Thermo to perform a field evaluation of its components. Early on, the team was able to successfully overcome initial difficulties and produced a mercury CEMS. Tests were conducted at several locations to confirm that it could operate when testing flue gas from different coals that also had different sulfur (potential to interfere with Hg measurements) and mercury levels. After some development, the mercury CEMS was tested to determine whether it could meet newly developed EPA certification criteria. The certification tests, QA/QC tests, and their criteria are outlined in Tables 5 and 6 . 
B. Environmental Performance
Mercury Removal
The early phase of the TOXECON™ demonstration program, which commenced in January 2006, dealt primarily with equipment startup, defining baseline removal levels, and sorbent injection parametric testing. This period also included laboratory and operational testing to develop a solution to the problem of overheating in the baghouse ash hoppers.
The results of parametric testing proved that the TOXECON™ system was capable of achieving mercury removal levels of 90 percent using PAC injection at rates between 1.5 and 2.0 lb/MMacf for the DARCO ® Hg-LH PAC and between 2.0 and 2.5 lb/MMacf for DARCO ® Hg. The parametric testing also showed that removal rates for both PACs deteriorated as flue gas temperatures increased.
Long-term mercury removal testing began in November 2006, after the completion of the parametric tests. During the first full month of testing (December 2006) mercury removal averaged 93.6 percent ± 7.8 percent. An early indication that the system could meet the mercury removal goal was that the system achieved 48 consecutive days in which mercury removal was at least 90 percent. Both sorbents were used during these tests. Over the 34 month, long-term test period, the goal of 90 percent average monthly mercury removal was met. Those months in which the goal was not met were periods in which alternative sorbents were tested or when the mercury CEMs malfunctioned or maintenance was required. For example, one alternative sorbent (high LOI fly ash from PIPP Units 5 and 6) removed less than 20 percent of the mercury. Inspection of the above charts confirms that the mercury removal goal was met as stated above. The error bars represent two standard deviations. As such, the data clearly demonstrate that while this technology achieves an average removal rate of 90 percent under injection rates defined in the previous section, removal typically varied significantly over the course of a given month. This suggests that the compliance regulations should consider an appropriate averaging period for mercury removal reporting.
Trona Injection
The trona injection tests lasted approximately two weeks. Within the injection range tested, lower injection rates did not achieve the desired result of 70 percent SO 2 removal, while higher injection rates did. PAC had to be increased by a factor of three to simultaneously achieve the 90 percent Hg removal goal at the trona injection rate needed to achieve 70 percent SO 2 removal. A normal stoichiometric ratio (NSR) of 1.02 was required to achieve 70 percent SO 2 removal. The NSR is a measure of the number of moles of sorbent injected compared to the number of moles required to absorb all of the target pollutant if the reaction between the target pollutant and the sorbent is complete.
Thus, the NSR of 1.02 indicates that there was more than enough sorbent injected to remove all of the SO 2 ; however, only 70 percent was absorbed.
No NO X removal was detected during the trona injection tests. Typically, a very small amount of NO is converted to NO 2 in near-field plumes from coal-fired boilers. NO 2 normally imparts a brown color in plumes but at PIPP, the quantity produced was insufficient to be visible when PAC was being injected, although opacity did increase by 0.75 percent. When PAC was not being injected, opacity increased by 3 percent and a visible brown color plume was formed. The results of the SO 2 removal tests are presented below in Table 7 . The PAC-ash mixture and reacted trona are all suitable for landfill disposal. There are no liquid effluents that require treatment.
One of the stated goals of the project was to reduce PM emissions from the plant.
Measurements were taken at the inlet and outlet of the baghouse to determine how effective the baghouse was at removing PM emissions. The results are presented in Table 8 . While this is somewhat less than normal baghouse capability, it must be remembered the bulk of the PM had already been removed by the HESPs and that the PM entering the baghouse likely consisted of mostly very small particles. The reasons for the higher inlet loadings in 2008 are not known.
Another stated goal of the project was that the fly ash collected in the HESPs would continue to be marketable. Installation of the demonstration technology had no impact on the quantity, quality, and marketability of fly ash collected by the HESPs.
IV. DISCUSSION OF RESULTS
One of the two major goals of the project was to demonstrate that the TOXECON™ technology could reliably remove at least 90 percent of the mercury from the flue gas of a coal burning power plant using PAC. This goal was achieved. During 34 months of long-term testing, average mercury removal rates of 90 percent or better were achieved during 30 months. During one of the four months that 90 percent was not achieved, alternative sorbents were being tested. During the other three months that failed to meet the criteria, operational issues with the outlet CEM occurred and thus mercury removal could not be confirmed with actual measurements. The TOXECON™ process operated effectively and reliably when there were no issues with plant equipment or operations.
The second major goal was the demonstration of a reliable, accurate, mercury CEMS suitable for use in the harsh environment of a power plant flue gas stream. Prior to this project, the only mercury analyzers that were available were useful only under laboratory An improved version offered commercially is identified as the "iSeries" which features flexible communications, increased serviceability, and an easier-to-use interface.
During the development of the CEMS, a significant number of problems with the various components needed to be overcome. These problems were resolved as they occurred resulting in a reliable, commercial, mercury CEMS. Without such a device, mercury control would be difficult. Sorbent would need to be injected at higher rates and could only be adjusted periodically as manual measurements were taken. In addition, there would be an economic penalty since the older monitors required a highly trained staff to operate and maintain them.
Another goal of the project was to evaluate to the ability of the TOXECON™ process to remove 70 percent of the SOR 2 R and 30 percent of the NOR X R from the flue gas when combined with a sodium-based sorbent. SOR 2 R/NOR X R removal was tested using a temporary, trailer-mounted system for trona injection. The target SOR 2 R removal rate was achieved, albeit at high sorbent injection rates. However, trona injection interfered with mercury removal to the extent that it was estimated that PAC injection rates would have to be tripled to achieve 90 percent removal if trona is being injected. There was no discernable impact on NOR X R other than some small amount of conversion to NOR 2 R.
Furthermore, the conversion to NOR 2 R caused opacity at the stack to increase by 3 percent.
The project thus provided information that trona injection does not dovetail well with PAC injection, at least at plants similar to PIPP.
One additional benefit of the TOXECON™ process is a reduction in particulate matter (PM) emissions. With full load conditions and all three units directed to the baghouse, the inlet particulate flow was 117 lb/hr prior to PAC injection and outlet flow was 17 lb/hr, which represents an 85 percent reduction beyond that which was captured in the HESP. While 85 percent capture is below normal performance when a baghouse is the primary collection device, it must be noted that the inlet loading was very low to start with and that the HESP selectively captured mostly the larger, easy-to-capture PM, leaving the more difficult fine particles for the baghouse. The 85 percent collection rate is also misleading since the inlet dust load was actually higher due to PAC injection.
Thus, the inlet loading and capture efficiency were actually higher than the measurements suggest.
Two thermal desorption methods were successful in removing mercury from the TOXECON™ PAC/ash material. The first method utilized the "air slide" technology All samples showed that only a very small amount of bromide was leachable.
One of the additional goals listed by the We Energies was the continued use of the fly ash that was captured in the HESPs. This goal was readily achieved since the HESPs are located upstream of the air heater and the project equipment was installed downstream of the air heater.
The final goal of the project was the successful integration of the TOXECON™ baghouse and associated equipment into plant operations. Failure to achieve this goal would have resulted in the overall failure of the project, but this goal was achieved with only minor problems. In addition, the equipment and operation of the system were upgraded and optimized during the demonstration project, leading to the project's success.
V. MARKET ANALYSIS
A. Potential Market
The Environmental Protection Agency (EPA) and the U.S. 
B. Capital, Operating, and Maintenance Costs
We Energies performed an economic analysis which is included in the final report. All tables included in this section are taken from their Final Report with some minor editing.
The costs are all in 2009 dollars and are based on the experience obtained during the nearly 3 years of operation. The technology is viewed as a retrofit technology and this is reflected in the costs. Tables 9 and 10 present the basis for the economic analysis. Table 11 presents the total installed costs broken down by major equipment items. When allowance for funds during construction is added, the total capital requirement is increased to $41,700,000. Operating and maintenance costs are given in Table 12 and the costs per pound of mercury captured are given in Table 13 . The operation is assumed to achieve an average of 90 percent mercury removal level. Table 13 does not include annualized capital costs of $6.2 million based on a capital recovery factor of 0.15. These costs are based on the installation at PIPP and are expected to be somewhat high due to this being a retrofit and also a first of its kind system. 
VI. CONCLUSIONS
The We Energies' team successfully designed, installed, and operated the TOXECON™ The most critical goals of the project were to demonstrate consistent mercury removal to the 90 percent level and to demonstrate mercury CEMS that could continuously provide accurate, reliable mercury data while installed in the harsh environment of a power plant.
The goal of 90 percent mercury removal was achieved during 30 of the 34 months of long-term testing. One of the months during which the mercury removal goal was not achieved was during alternative sorbent testing and the other three months were due to problems with mercury measurements at the system outlet. Although the TOXECON™ system continued to operate normally during the periods when the CEMS was off-line, 90 percent removal could not be verified.
ADA-ES teamed with Thermo Electron
Corporation to develop and demonstrate a mercury CEMS. This effort also was successful and Thermo offered a commercial unit for sale well before the end of the project.
The goal of testing trona injection was successfully carried out using temporary equipment. The SO 2 removal goal was achieved albeit at a significant penalty to mercury 
